REACTIVE SPUTrERING OF MOLYBDENUM-OXIDE GRADIENT-INDEX FILTERS
I. INTRODUCTION
Thin film structures with a continuous variation in refractive index enables the realization of complex filter structures. 1-3 Advantages of these gradient index optical coatings include flexibility in filter design and enhanced structural stability in adverse environments.
Early production of simple refractive index profiles, for antireflection coatings, were produced using processes typified by multiple evaporative sources and rate monitor feedback systems. ' Thus, codeposition techniques often require ensuing compositional analysis to determine reproducibility. A straightforward deposition process to simplify fabrication of rugate filters, in simple form wherein a sinusoidal variation of the refractive index occurs, is clearly in demand. The splattering of elemental molybdenum with an argon-oxygen gas mixture is developed for this purpose.
The molybdenum-oxygen system is one in which it is feasible to produce, through magnetron sputter deposition, a composition continuous series of oxide structuresl 4 This is accomplished through a systematic variation in the single deposition parameter-applied target power. This technique is unlike most other single process parameterization which involve working gas pressure cycling. Metastable oxide compounds are currently produced with 0 I refractive indices ranging from 1.5 to 2.9. Alternating between set target power(s) therefore produces multJlayered structures in which the refractive index, by design, alternates., This result gives promise to the practical use of the molybdenum-oxide system in gradient-index filter technology.
-2-II. EXPERIMEI',_TALS Themolybdenum oxide films are produced usingreactive d,c. planar magnetron sputtering wherein the film composition is continuously and reproducibly conta'olled with the powerapplied to the magnetron source. 4 Concurrently, the Ar-20%O2 gas mixture, 5 mTorr working pressure and 21.5 sccm flow rate remain constant for 'all.depositions. Under these pressure and flow conditions, it can be shown5, 6 and was found 4 that the formation of the oxide compound occurs at the substrate rather than at the target. A 0.99994 pure molybdenum target is reactively sputtered following a 250°C high vacuum system bake-out for 4h at which point the system base pressure is better than 1 x 10-7 Torr. The substrates (which include ,,
cleavedmuscovite, polished silicon and glass slides) are situated 8.9cm from the deposition source, clamped to an aluminum substrate platen whose temperature remains between 60-85°C during deposition.
A series of molybdenum-oxide films 1-2 I.tmthick are produced as a function of applied target power, ranging from 75 to 175 Watts. For each molybdenum ,_xide film the refractive index, no, is measured using the red hydrogen line, at a wavelength of 656.3 nra. A gradient index filter, i.e. a multilayer structure, is then sputtered on a (111) Si wafer by alternating between two preselected target power levels, 95 Watts (to produce a deposition rate of 0.34 nm/s and a 13.6 nm thick layer) and 125 Watts (to proouce a 0.7nm/s rate and 14.0 nm thick layer). The change irl target power levels is linearly ramped over 1 second. The 40 layer pair filter, with a design layer repeat period of 27.6 ,m, is examined compositionally using Auger depth profiling and structurally using transmission electron microscopy.
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III. RESULTS
The atomic concentration profiles of the molybdenum-oxide films are determined using depth profiling in combination with Auger Electron Spectroscopy, A3 KeV, 10 gA electron beam is used to generate the Auger electrons. The measured intensities of the 186eV molybdenum, 272eV carbon and 503 eV oxygen peak, from data accumulated in the derivative metastable. This prevents an unavoidable design limitation to the range of compositions available for use in the molybdenum-oxide system.
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V. CONCI.,USIONS
A molybdenum-oxide gradient-index filter is made using reactive sputter deposition. A single process parameter (applied target power) is used to control the composition of the growing deposit from an elemental molybdenum metal target in a Ar-20%O2 working gas mixture. The structure of the coating is examined using Auger electron spectroscopy and transmission electron microscopy. The layered structure is microcrystalline and the composition varies within a layer pair in a graded transition, from 25 to 4 0 at.pct.
molybdenum. The feasibility of using applied _'get power variation to produce rugate filters is presented for the case of the molybdenum-oxide binary system. ,.14- 
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